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PURPOSE: To treatJHa large number of constrained- f lux-particles by 
single* " "'^*Cw;--" l"^'^- • 

operation at the same time by moving a container and the 
convergence position 

of laser light relatively by a constrained particle moving 
operation means. 

CONSTITUTION: The laser light emitted by a laser device 2 for 
holding is split 

into plural beams by the optical fiber grating of a laser light 
splitting 

mechanism and the laser beams for particle constraint are guided 
into the 

container 7 to constrain particles which are suspended in the 
liquid in the 

container at different positions. The container 7 and the 
convergence position 

of the laser light are moved relatively with the operation arm 8 
to treat a ' " ' - . 

large number of constrained particles by the single operation at 
the same time. ^ 
In this case, a nearly linear projection part Id forming the 
optical path of 

the laser light is provided at the other side part of an optical 
tweezers 

device main body 1. In this projection part Id, a 6th reflecting 
. mirror 13 is 

> arranged right above a 2nd reflecting mirror 5 and at a side 
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position of the 

container 7 and the laser light is reflected by this reflecting 
mirror 13 

laterally almost at 90. * 
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[54] TITLE OF THE INVENTION 
OPTICAL TWEEZERS 

[57] ABSTRACT 
[PURPOSE] 

The object of the present invention is to treat a 
large number of particles such as cells simultaneous^ by a 
single operation, and finds applications in various 
industrial fields. 

[CONSTITUTION] 

A plurality of beams of laser^ light for constraining 
the particles, which are formed by a laser light splitting 
mechanism 11, are guided into a container 7 to constrain 
the particles which are suspended in the liquid in the 
container 7 by these beams of the laser light. 
Additionally, an operation arm 8 is presided to relatively 
move the container 7 and a convergence position of the 
laser light* 

[CLAIMS] 
[Claim 1] 

An optical tweezers device for constraining particles 
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which are suspended in a liquid in a container by laser 
light comprising: 

means for constraining a plurality of particles to 
guide plural beams of laser light for constraining the 
particles into a container and to constrain a plurality of 
particles which are suspended in the liquid in said 
container; and 

means for operating movement of constrained particles 
to relatively move said container and a convergence 
position of said laser light. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FILED TO WHICH THE INVENTION PERTAINS] 

The present invention relates to an optical tweezers 
device for constraining the particles by laser light, 

[0002] 
[PRIOR ART] 

Conventionally , a principle has been known such that 
the particles, which have an optical refractive index and 
are suspended in the liquid in the container, are held in a 
light flux. For example, USP 4893886 discloses such a 
principle, namely, a technology for converging laser light 
on a single focal point and constraining particles which 
are suspended in the liquid in container by this converged 
laser light* 

[0003] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

According to the above described constitution, single 
operation could const ra in a single particle which is 
suspended in the liquid in the container by the laser 
light. For industrial applications, it is necessary to 
treat a large number of particles such as cells with a 
single operation at the same time. However, the above- 
described conventional technique could not satisfy such a 
demand . 

[0004] 

The present invention has been made taking the 
foregoing problems into consideration, an object of which 
is to provide an optical tweezers device, which is capable 
of tr ating a large number of particles such as cells with 
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a single operation at the same time, and this optical 
tweezers device is advantageous for industrial 
applications. 

[0005] 

[MEANS FOR SOLVING THE PROBLEMS] 

The present invention provides an optical tweezers 
device for constraining particles which are suspended in a 
liquid in a container by laser light comprising means for 
constraining a plurality of particles which are suspended 
in the liquid in the container by introducing a plurality 
of beams of laser light for constraining the particles into 
the container and means for moving and manipulating the 
constrained particles so as to relatively move the 
container and a convergence position of laser light. 

[0006] 
[OPERATION] 

The laser light emitted from a light source is split 
into a plurality of beams by the means for constraining a 
plurality of particles and the plural beams of the laser 
light for constraining a plurality of particles are guided 
into a container so as to constrain a plurality of 
particles which are suspended in the liquid in the 
container at different positions. Further, the container 
and the convergence position of the laser light are 
relatively moved by the means for moving and manipulating 
constrained particles to simultaneously process the large 
number of constrained particles with a single operation. 

[0007] 

[MODE FOR CARRYING OUT THE- INVENTION] 

A first embodiment according to the present invention 
will be described with reference to FIG. 1 and FIG. 2 
below. FIG. 1 is a diagram for illustrating a schematic 
constitution of an entire optical tweezers device. In FIG. 
1, reference numeral 1 represents an optical tweezers 
device body. At a lower portion of this device body 1, a 
machine chamber la is defined, in this machine chamber la, 
a laser device for holding Z, which emits the laser light 
for holding, and a laser device for processing 3, which 
emits the laser light for processing, are incorporated, 
respectively. 
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[0008] 

Further, a first reflecting mirror 4 and a second 
reflecting mirror 5 are dispos d on the opposite sides of 
th laser device for holding 2, respectively, to reflect 
the laser light, which is emitted from this laser device 
for holding 2, at substantially right angle in an upper 
direction. In this case, one reflecting mirror, i.e., the 
first reflecting mirror 4 is formed, for example, by a half 
mirror . 

[0009] 

Alternatively, a third reflecting mirror 6 is 
disposed on one side of the laser device for processing 3 
to reflect the laser light, which is emitted from this 
laser device for processing 3, at substantially right angle 
in an upper direction. This third reflecting mirror 6 is 
disposed directly below the first reflecting mirror 4. 
Additionally, the laser light, which is reflected by this 
third reflecting mirror 6, passes through the first 
reflecting mirror 4 so that it is guided to the upper 
direction. 

[0010] 

Alternatively, the optical tweezers device body 1 is 
provided with a container 7, which is made of a transparent 
material, on the machine chamber la. The interior of this 
container 7 is filled with a liquid which is optically 
transparent. This liquid includes a large number of fine 
particles having an optical refractive index. 

[0011] 

Further, this container 7 is formed by, for example, 
a piezoelectric element to be supported with being capable 
of moving relatively three-dimensional ly with respect to 
the optical tweezers device body 1 by an operational arm 
(means for operating movement of constrained particles 8), 
which is capable of moving in X, Y and Z directions, 
respectively . 

[0012] 

Additionally, a substantially L shaped suoporting arm 
lb is prominently established at one side of the optical 
tweezers device body 1 to form a light path of the laser 
light. In the interior of this supporting arm lb, the 
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first reflecting mirror 4 and a fourth reflecting mirror 9, 
which is disposed directly above the third reflecting 
mirror 6. Th laser light, which is reflected by the lower 
first reflecting mirror 4 and the third reflecting mirror 
6, is further reflected by the fourth reflecting mirror 9 
in a lateral direction at substantially right angle. 

[0013] 

Further, on a lower surface of an upper end of this 
supporting arm lb, an opening lc for irradiating a laser 
light is defined in an upper position of the container 4. 
A fifth reflecting mirror 10 is arranged in an upper 
position of this opening lc. This fifth reflecting mirror 
10 is arranged on a light path of the reflecting laser 
light from the fourth reflecting mirror 9. Then, the 
reflecting laser light from the fourth reflecting mirror 9 
is reflected in a lower direction by this fifth reflecting 
mirror 10 and this reflecting laser light is further 
irradiated to the interior of the container 4 through the 
opening lc. 

[0014] 

Alternatively, a laser light splitting mechanism 
(means for constraining a plurality of particles) 11 is 
disposed to form an optical low-pass filter in the 
reflecting laser light from the fifth reflecting mirror 10. 
This laser light splitting mechanism 11 is formed by, for 
example/ an optical fiber grating 12 shown in PIG. 2.. This 
optical fiber grating 12 is formed in such a manner that a 
first optical fiber annex establishment, in which a large 
number of optical fibers 12a are established in an annex in 
a lengthwise direction, and a second optical fiber annex 
establishment, in which_a large number of optical fibers 
12b are established in an annex in a lateral direction, are 
superimposed. Then, the reflecting laser light (single 
beam) from the fifth reflecting mirror 10 passes through 
this optical fiber grating 12, so that it is split into a 
plurality of beasts of the laser light for constraining the 
particles. As a result, the split laser beams are 
converged in the JLiquid in the container 7, respectively. 

[0015] 

Additionally, a substantially linear projecting 
portion Id is prominently established on the other side of 
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the optical tweezers device body 1 to form a light path of 
the laser light, in the interior of this projecting 
portion Id, a sixth reflecting mirror 13 is arranged in the 
interior of this projecting portion Id directly above the 
second reflecting mirror 5 and at the side position of the 
container 7. Then, the laser light reflected by the lower 
second reflecting mirror 5 is further reflected in a 
lateral direction at substantially right angle by this 
Sixth reflecting mirror 13. 

[0016] 

Alternatively, on the side surface of this projecting 
portion Id, an opening le for irradiating a laser light is 
defined being opposed to the side surface of the container 
7. In this opening le, a lens 14 is attached to converge 
the reflecting laser light from the sixth reflecting mirror 
13 in the liquid in the container 7. In this case, a light 
path of the laser light, which is irradiated from 
substantially horizontal direction in the interior of the 
container, is built so that it crosses a plurality of beams 
of laser light for constraining the particles to be 
irradiated from the upper direction in the container 7 
after the reflecting laser light passes through the lens 
14. Further, at a cross point of the laser light from 
these two directions, the laser light is focused into a 
spot in a micron order. Additionally, at a cross point of 
the laser light from these two directions, a plurality of 
particles which are suspended in the liquid in the 
container 7 are held. 

[0017] 

On the other hand, the operation arm 8 is connected 
to a position controlling apparatus 15. Then* this 
position controlling apparatus 15 controls the moving 
operation in the X, the Y and the Z directions of the 
operation arm 8, respectively and this operation arm 8 
controls the position of the container 7 three- 
dimensionally in the X, the Y and the Z directions, 
respectively. 

r0018] 

Additionally, this position controlling apparatus 15 
is connected to a controller 16, which is configured by, 
for example, a microcomputer and its peripheral circuit. A 
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keyboard 17, a monitor 18, a light pen 19 and an image 
processing apparatus 20 are connected to this controller 
16 , respectively. A television camera 21 for taking a 
picture of the fine particles in the liquid in the 
container 7 is connected to this image processing apparatus 
20 from above the container 7. 

[0019] 

This television camera 21 is substantially placed on 
the side surface of the upper end of the supporting arm lb 
toward a direction of plural beams of the laser light for 
constraining the particles, which pass through the laser 
light splitting mechanism 11. Further, in a light path of 
the plural beams of the laser light for constraining the 
particles, which pass through the laser light splitting 
mechanism 11, a seventh reflecting mirror 22 is arranged 
with being apart from and being opposed to this television 
camera 21. This seventh reflecting mirror 22 is formed by, 
for example, a half mirror, through which the plural beams 
of the laser light for constraining the particles, which 
pass through the laser light splitting mechanism 11, pass 
and which totally reflects the light directed from the 
container 7 upward toward the direction of the television 
camera 21. The image in the fine particles in the liquid 
in the container 7, which is picturized by the television 
camera 21, is transmitted to the controller 16 via the 
image processing apparatus 20, then, it is displayed on the 
monitor. 18. 

[0020] 

Alternatively, a positional signal, which is given by 
an Input device such as the key board 17 and the lights pen 
19 or the like, is inputted in the position controlling 
apparatus 15 via the controller. Then, the positional 
signal actuates the operation arm 8 with this position 
controlling apparatus 15 so that it moves the container 7 
to a required position. 

[0«211 

Alternatively, the laser light for processing, which 
is emitted from the laser device for processing 3, is 
simultaneously or selectively irradiated at a small spot 
with respect to plural fine particles, which are held at a- 
cross portion of the laser light in two directions from the 
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laser device for holding 2, so that the laser light for 
processing drills a hole in these fine particles or 
performs transpiration and welding or the like. 

[0022] 

In the next place, the effect of the above described 
constitution will be described. When the optical tweezers 
device has been in use, at first, the laser device for 
holding 2 is activated, so that the laser light for holding 
is emitted from the opposite sides of this laser device for 
holding 2. 

[0023] 

Then, in FIG. 1, the laser light for holding, which 
is emitted from a left side of the laser device for holding 
2, is sequentially reflected by the first reflecting mirror 
4, the fourth reflecting mirror 9 and the fifth reflecting 
mirror 10. Further, single beam of the reflecting las^r 
light, which is reflected downward by this fifth reflecting 
mirror 10, passes through the optical fiber grating 12 of 
the laser light splitting mechanism 11, so that it is split 
into plural beams of the laser light for constraining the 
particles. 

[0024J 

Further, plural beams of the laser light for 
constraining the particles, which are divided by the 
optical. fiber grating 12, is irradiated through the opening 
1c in the container 4, then, it is converged in the liquid 
in the container 4. 

[0025] 

Alternatively, in FIG. 1, the laser light for 
holding, which is emitted from a right side of the laser 
device for holding 2, is sequentially reflected by the 
second reflecting mirror 5 and the sixth reflecting mirror 
13. Consequently, the laser light for holding passes 
through the lens 14 to be irradiated in the container 7 
from substantially horizontal direction. Then, at a cross 
point of plural beams of the laser light for constraining 
the particles irradiated in the container 7 from above the 
container 7 and the laser light irradiated in the container 
7 from substantially horizontal direction, the laser light 
is focused into a spot in a micron order. Additionally, at 
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a cross point of the laser light from these two directions, 
a plurality of particles which are suspended in the liquid 
in the container 7 are held. Accordingly, it is possible 
to hold a large number of the fine particles which are 
disorderly suspended in the liquid in the container 7 with 
being certainly positioned from above the container 7 to an 
irradiating position of plural beams of the laser light for 
constraining the particles, which are irradiated in the 
container 7 from above the container 7. 

[0026] 

Alternatively, the image of the fine particles in the 
liquid in the container 7, which is picturized by the 
television camera 21, is transmitted to the controller 16 
via the image processing apparatus 20 to be displayed on 
the monitor 18. 

[0027] 

Further, a positional signal, which is given by an 
input device such as the key board 17 and the light pen 19 
or the like, is inputted in the position controlling 
apparatus 15 via the controller. Then, the positional 
signal actuates the operation arm 8 with this position 
controlling apparatus 15 so that it moves the container 7 
to a required position. 

[0028] 

Alternatively, the laser light for processing, which 
is emitted from the laser device for processing 3, is 
reflected by the third reflecting mirror 6, so that it 
passes through the first reflecting mirror 4 to be guided 
upward. Then, the laser light for processing is further 
reflected by the fourth reflecting mirror 9 at 
substantially right angle in a lateral direction. After it 
is reflected by the fifth reflecting mirror 10 downward, 
this reflecting laser light (a single beam) passes through 
the optical fiber grating 12 of the laser light splitting 
mechanism 11, so that this reflecting laser light is 
irradiated in the container 4 through the opening lc with 
being split into plural beams of the laser light for 
constraining the particles. Accordingly, this laser light 
is simultaneously or selectively irradiated at a small spot 
with respect to plural fine particles, which are held at a 
cross portion of the laser light in two dir ctions from the 
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laser device for holding 2, so that this laser light for 
processing drills a hole in these fine particles or 
performs transpiration and welding or the like. 

[0029] 

Therefore, according to the abovfe described 
constitution, the laser light emitted from a left side of 
the laser device for holding 2 is split into plural beams 
by the optical fiber grating 12 of the laser light 
splitting mechanism 11 and plural beams of the laser light 
for constraining the particles are guided in the container 
7, Then, according to the above described constitution, 
constraining the plural particles which are suspended in 
the liquid in the container 7 at the different positions 
and relatively moving the container 7 and the convergence 
position of the laser light by the operation arm 8, it is 
possible to treat a large number of the constrained 
particles by single operation at the same time. As a 
result, it becomes possible to treat a large number of 
particles such as cells by single operation at the same 
time, so that this constitution has an advantage when it is 
applied in the technical field. Therefore, for example, it 
is possible to simultaneously and effectively provide 
various biological treatments such as gene manipulation, or 
fertilization and cell fusion or the like to a large number 
of cells or the like. 

[0030] . 

The present invention is not limited to the above 
described embodiment. For example, according to the above 
described embodiment, the constitution is explained that 
plural beams of the laser light are irradiated An the 
liquid in the container 7 from above, and at the same time, 
other laser light for holding is irradiated from a lateral 
direction in substantially horizontally in the liquid in 
the container 7 and the plural particles which are 
suspended in the liquid in the container 7 are held at a 
cross portion of the laser light *rom these two directions. 
However, in order to optically acquire the particles which 
are suspended in the liquid in the container 7, the laser 
light for holding, which substantially horizontal, is not 
always necessary. Therefore, this laser light for holding, 
which substantially horizontal, may be omitted in the 
constitution. 
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[0031] 

Further, as shown in FIG. 3, the laser light 
splitting mechanism 11 may be configured by superimposing 
two pieces of birefringent crystals 31 and 32 as the 
crystal directions are displaced or as shown in FIG. 4, the 
laser light splitting mechanism 11 may be configured by an 
optical element 41, in which a large number of multi lens 
arrays, or a large number of a minute lens referred to as a 
polyhedron prism or a large number of prisms are aligned. 

[0032] 

Alternatively, as the second embodiment shown in FIG. 
5, the present invention may be provided with an actuator 
51 for rotatably controlling the fifth reflecting mirror 10 
in the first embodiment at a high speed, for example, a 
galvanometer. Additionally, the present invention may be 
constituted in such a manner that the laser light for 
holding, which is emitted from the laser device for holding 
2, is synchronized with the rotation of the fifth 
reflecting mirror 10 to be pulse-oscillated, so that the 
plural beams of the laser light for constraining the 
particles are pulse- irradiated in the container 7 so that 
the plural particles which are suspended in the liquid are 
held by these plural beams of the laser light for 
constraining the particles. Further, of course, various 
modifications may be available within a scope, which does 
not deviate from the spirit of the present invention. 

[0033] 

[EFFECT OF THE INVENTION] 

The present invention comprises the means for 
c onstr aining a plurality of particles to guide a plurality 
afr beams of laser light for constraining the particles into 
a container and to constrain a plurality of particles which 
are suspended in the liquid in said container and the means 
for operating movement of constrained particles to 
relatively move said container and a convergence position 
of said laser light. Therefore, it is possible to treat a 
laxge number of particles such as cells by single operation 
at the same time and the present invention has an advantage 
when it is applied in the technical field. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG. 1 is a schematic constitutional view for 
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entirely illustrating an optical tweezers device according 
to a first embodiment of the present invention. 

FIG. 2 is a perspective view for illustrating an 
optical fiber grating. 

FIG. 3 is a side view for illustrating a modification 
of a laser light splitting mechanism. v 

FIG. 4 is a perspective view for illustrating another 
modification of the laser light splitting mechanism. 

FIG. 5 is a schematic constitutional view of a 
substantial part according to a second embodiment of the 
present invention. 

[EXPLANATION OF REFERENCE NUMERALS] 

7: container, 8: operation arm (means for operating 

movement of constrained particles), 11: laser light 

splitting mechanism (means for constraining a plurality of 

particles) 
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